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PRESIDENCY UNIVERSITY
BENGALURU

MORE KNOWLEDGE
QEACH GREATER HEIGHTS

SCHOOL OF ENGINEERING

TEST 1
Sem AY: Odd Sem 2019-20 Date: 27.09.2019
Course Code: MEC 313 Time: 2.30PM to 3.30PM
Course Name: ROBOTICS Max Marks: 40
Program & Sem: B.Tech (MEC) & V DE Weightage: 20%

Instructions:
(i) Draw the graphical/sketches using Pencils

Part A [Memory Recall Questions]
Answer all the Questions. Each Question carries two marks. (5Qx2M=10M)

1. A Robot is defined as---- (C.O.NO.1)[Knowledge]
a. Re-programmable b. Multi-functional manipulator
c. (a) & (b) d. None of the above

2. The proprioceptive sensors used for measuring ...................... of the end effector.
(C.0.NO.2)[Knowledge]
a. Position b. Force
c.Velocity & acceleration  d. Position, Velocity & acceleration

3. Indicate the robot part with function (C.O0.NO.2)[Knowledge]
a. Manipulator arms - 1.for holding piece or tool
b. Controllers . 2.Move the manipulator arm and end effectors
c. Drivers . 3.No of degrees of Movement

d. Gripper . 4 Delivers command to the actuator



4. Predict the odd one (C.0.NO.2)[Application]
a. Cartesian co-ordinate - LOO
b. Polar co-ordinate : TRO
c. Jointed arm co-ordinate  : TRR
d. Cylindrical co-ordinate - TLO

5. Distinguish Transducer and sensor. (C.0.NO.2)[Comprehension]

Part B [Thought Provoking Questions]
Answer both the Questions. Each Question carries ten marks. (2Qx10M=20M)
6. Discover and describe the following robot configurations (C.0.NO.1) [Application]

<2
iz

7. (i). Summarize the robot sensing system with human beings
(ii). Distinguish the attributes of Analog and digital sensors.
(C.0.NO.2)[Comprehension]
Part C [Problem Solving Questions]
Answer the Question. The Question carries ten marks. (1Qx10M=10M}

8. A KUKA Robot requires
a. Linear motion
b. Twisting
c. Rotation
d. Revolve for different applications.
Sketch and relate the joint depends on the required motion. (C.O.NO.1)[Application]
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Max Marks: 40

Weightage: 20%

Extract of question distribution [outcome wise & jevel wise]

Memory recall ; Thought

type

0

! I Unit/Module

| - Number/Unit
QNO C.ONO

| i
{

/Module Title

' provoking t efz :
P 9 vpe Problem Solving = Total j

[Marks allotted}j [Marks allotted] . type

B

[

]
|
i
1
|
i

i
{

- Marks

Bloom's Leve!s,‘ Bloom's Levels ~ [Marks allotted] |

ing”wf Cco1 Unitt ji m"*f | ‘ v "‘Vﬁ“* 2
B2 e AR A S e

| P~ i : !
B < VT e s R R e et e
4 { CO1 § Unit | I ; I A R ST
A ‘ - S S : SR S SO R

CoUntt Lo oM T

Unit i

Unith 0 T Ty e e

TS s b e ey i e e

Unitl | Mo o







K =Knowledge Level C = Comprehension Level A = Application Level
Note: While setting all types of questions the general guideline is that about 60%

Of the questions must be such that even a below average students must be able to
attempt, About 20% of the questions must be such that only above average students must
be able to attempt and finally 20% of the questions must be such that only the bright
students must be able to attempt.

[l hereby certify that All the questions are set as per the above guide lines. Mr Manikanda
Prabhu ]
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Annexure- II: Format of Answer Scheme

SCHOOL OF ENGINEERING

SOLUTION
Date: 27.09.2019
Time: 2.30pm - 3.30pm
Semester: 05 P P
Max Marks: 40
Course Code: MEC 313
‘ Weightage: 20%
Course Name: Robotics ghiag
Part A (5 x 2= [0Marks)
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| | : . » i
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PRESIDENCY UNIVERSITY
REACH GREATER HEIGHTS BENGALU RU
SCHOOL OF ENGINEERING
TEST -2
Sem & AY: Odd Sem 2019-20 Date: 16.11.2019
Course Code: MEC 313 Time: 2.30 PM to 3.30 PM
Course Name: ROBOTICS Max Marks: 40
Program & Sem: B.Tech (MEC) & V Weightage: 20%
Instructions:

(i) Draw the graphical/sketches using Pencils

Part A [Memory Recall Questions]
Answer all the Questions. Each Question carries two marks. (5Qx2M=10M)

1. Ultra-sonic sensor can measure the distance from...... to.....
(C.0.NO.2) [Knowledge]
2. Distinguish touch and force sensor in robotics
(C.0O.NO.2) [Comprehension]
3. Define robotic actuators.
(C.0.NO.3) [Knowledge]
4. Indicate the suitable components.
(C.0O.NO.3) [Comprehension]

i. Hydraulic actuation - a. Compressor
ii. Mechanical actuation  : b. Pump
iii. Pneumatic actuation  : c. Stepper motor
iv. Electric actuation - d. Linkages

5. Name the languages used in explicit programming method.
(C.0O.NO.3) [Comprehension]

1lPage



Part B [Thought Provoking Questions]
Answer both the Questions. Each Question carries ten marks. (2Qx10M=20M)

6. Discuss on Image processing and analysis using vision sensors.
(C.O.NO.2) [Comprehension]
7. Compare pneumatic, hydraulic, electric actuation systems

(C.0.NO.3) [Comprehension]

Part C [Problem Solving Questions]
Answer the Question. The Question carries ten marks. (1Qx10M=10M™)
8. Explain the Robot programming languages with examples.

(C.O.NO.3) [Comprehension]
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Course Lode

SCHOOL OF ENGINEERING

s MEC 313

Lsourse Name Robotics

Date: 16.11.2019

Time: 2.30pm-3.30pm

Max Marks: 40

Weightage: 20%

Extract of guestion distribution [outcome wise & level wise]
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o ! type provoking type | L )
Unit/Module Problem Solving | Total
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QNGO C.ONO
/Module Title | Bloom’s Levels| Bloom’s Levels | [Marks allotied]
K C A
1 coz Unit il 2 2
2 coz2 Unit il 2 2
3 CO3 Unit T 2 2
4 Co3 Unit 11l 2 2
5 CC3 Unit 1 2 2
8 coz Unit i 10 10
7 CO3 Unit 1l 10 10
8 CO3 Uit Hi 10 10
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Total
— 40
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K =Knowledge Level C = Comprehension Level, A = Application Level
Note: While setting all types of questions the general guideline is that about 60%

Of the questions must be such that even a below average students must be able to
attempt, About 20% of the questions must be such that only above average students must
be able to attempt and finally 20% of the questions must be such that only the bright
students must be able to attempt.






Annexure- II: Format of Answer Scheme

«‘;:7 SCHOOL OF ENGINEERING

: » SOLUTION
Gait MORE KiOwLEOGE Date: 27.09.2019
Time: 2.30pm - 3.30
Semester: 05 'me pm S0pm
Max Marks: 40
Course Code: MEC 313 ax arks
, Weightage: 20%
Course Name: Robotics
Part A (5 x 2 = 10Marks)
Q No Max. Time
Solution Scheme of Marking required for
each Question
I 0-2.5m 2 Marks | min
Touch sensor, senses whether
the object is grasped by gripper
, or not.
2 ! 2 Marks 2 min
Force sensor, senses how much
force used to gripper to grasp
the object
3 Devices used to ;actyate the 5 Marks 5 min
robot motions
b, iid
4 1 i 1.1 2 Marks 1 min
1ii-a, 1v-c
5 VAL, VAL 11, AML, KAREL 2 marks 2 min
Part B (2 x 10=20Marks)
QNo R Max, Time
Solution Scheme of Marking required for
] : each Question
Need to writé about, =
1. Sensing of image
6 Digitizing image Each sub topic with required information

(VS I NS ]

Date reduction/Edge
detection

carries 2.5 Marks

10 Mins

4. Interpretatidr‘i of Image







Differentiate based on, 1.
Source 2. Peak pressure
3.Weight of system 4. Control

Each carries one mark, At least 10 has to be
correct to score full marks

7 5. Speed 6. Rehablhty 7. Main 10 Mins
component §. Operating cost 9.
Valve operation 10. Accuracy
11. Accidental issues 12.
Efficiency
Part C (1 x 10 = Marks)
Q No T Max. Time
Solution Scheme of Marking required for
each Question
Need to write about
Manual method
8 Lead through method Each sub topic carries 2.5 marks, has to 15 mins

Walk through method
Offline programming

B

elaborate the concept of respective method
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BENGALURU
SCHOOL OF ENGINEERING
END TERM FINAL EXAMINATION
Semester: Odd Semester: 2019 - 20 Date: 23 December 2019
Course Code: MEC 313 Time: 9:30 AM to 12:30 PM
Course Name: ROBOTICS Max Marks: 80
Program & Sem: B.Tech (MEC) & 5 (DE-ll) Weightage: 40%

Instructions:
() Read the all questions carefully and answer accordingly.

Part A [Memory Recall Questions]

Answer all the Questions. Each Question carries 2 marks. (5Qx2M=10M)
1. Draw a neat sketch of anatomy of Robot. (C.0.No.1) [Knowledge]
2. Compare human and robot sensing with any 4 points. (C.0.No.2) [Knowledge]
3. Define a) Proprioceptive sensor  b) Exteroceptive sensor (C.0.No.2) [Knowledge]

4. Mention any 4 disadvantages of Electrical Actuators. C.0.No.3) [Knowledge]

(
5. What are the advantages of legged type robot? (C.0O.No.4)[Knowledge]

Part B [Thought Provoking Questions]
Answer all the Questions. Each Question carries 10 marks ’ (4Qx10M=40M)

6. Explain various programming methods used in Robots. (C.0.No.3) [Knowledge]

7. What are the technical considerations required during designing of Arc welding robots.
(C.0.No.3) [Comprehension]

8. Draw a neat sketch of basic components of Hydraulic system and mention its functions.
(C.0.No.3)[Knowledgel]

9. Name the major hardware components required for obstacle avoidance robots using Arduino
and mention its functions. (C.O.No.4)[Comprehension]

Part C [Problem Solving Questions]
Answer both the Questions. Each Question carries 16 marks. (2Qx15M=30M)

10. Explain with neat sketch working of Cartesian type Robot. (C.0.No.1) [Comprehension]

11. With the neat sketch explain measurement of speed of a shaft using optical encoder system.

(C.0O.No.2) [Comprehension]
: Page 1 of 1
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Extract of question distribution [outcome wise & level wise]

Memory recall Thought
type rovoking type
Q.NO | C.O0.NO| Unit/Module yP P gup Problem Solving | Total
Number/Unit [Marks allotted]| [Marks allotted] type Marks
(% age
of CO) | /Module Title | Bloom’s Levels| Bloom’s Levels | [Marks allotted]
K C CA
12,3, CO1,2, | UNIT1,234 10 10
45 3,4
(2+2+2+2+2)
6 CO3 UNIT3 10 10
7 CO3 UNIT3 10 10
8 CO3 UNIT3 10 10
9 CO3 UNIT3 10 10
10 CO4 UNIT4 15(C) 15
11 CO1 UNIT1 15(C) 15
12 CO2 UNIT2
Total Marks 30 20 30 80

K =Knowledge Level C = Comprehension Level, A = Application Level

Note: While setting all types of questions the general guideline is that about 60%

Of the questions must be such that even a below average students must be able to
attempt, About 20% of the questions must be such that only above average students must
be able to attempt and finally 20% of the questions must be such that only the bright

students must be able to attempt.

| hereby certify that all the questions are set as per the above guidelines.

Faculty S

Reviewer Commend:







Format of Answer Scheme

g SCHOOL OF ENGINEERING

-
A —,

SOLUTION

GAIN MORE KHOWLEBGE
KEACEH GREATER HEIGHTS

Semester: Odd Semester: 2019 - 20
Course Code: MEC 313

Course Name: ROBOTICS

Program & Sem: B.Tech (MEC) & 5 (DE-il)

Date: 23 Dec 2019

Time: 9:30 AM -12:30 PM
Max Marks: 80
Weightage: 40%

Part A (5Q x 2M = 10Marks)
Q No Makx. Time
Solution Scheme of | required for
Marking each Question
1 5Min
Sketch -
fofat ) 2mark
\3,,,:’/
§x I3
Bage | | BEQ
N :
2 5Min
Each
difference
carries 0.5
mark
Erpibhoaepion ulpee] By W Ligrovenpe
Yoy, Ria
3 Proprioceptive sensors measure values internally to the system 5Min
(robot), e.g. battery level, wheel position, joint angle, etc. Each
These sensotrs can be encoders, potentiometers, gyroscopes, definition
es,etc. :
compasses, . carries 1
Exteroceptive sensors are used for the observation of the K
environments, objects. Sonar sensors, IR sensitive sensors, mar
ultrasonic distance sensors are some examples of exteroceptive
sensors
4 The disadvantages of eleciric actuators e Any 4 5Min
» Flecmncal equipment $ more of a fire hozard than other systens unless made minnsically sale. pomts
in which case o becames expenstve required.
« Electmnic achutors ave 3 poor torque - speed characternste at low speed Each point
« Eleciric actoators are af basically sotary motion and compheated mecharisms are needed fo .
convert rotation mfo other forms of motos carries 0.5
» The power to wesght ratio 15 wfenor to hvdraul motors, marks
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xtract of question distribution [outcome wise & leyel wise]

Memory recall Thought
type provoking type

\ K /C c A

Q.NO | C.O0.NO| Unit/Module Problem Solving | Total
Number/Unjt [Marks allotted]| [Marks allotted] type Marks
(% age
of CO) | /Module Titl Bloom’s Levels| Bloom’s [£&vels | [Marks allotted]

1,2,3, [ CO1,2, | UNIT 1,2,3,4 10 10
4,5 3,4 ey2i242)
6 | CO3 UNIT3 10\/ 10
P
7 CO2 UNIT2 ) 2 /\ 10 10
8 COo3 UNIT3 | /10 \ 10
9 CcO3 UNIT3 / \ 10 10
10 | CO4 UNIT4 \\ 15 W Ca ) 15
|4 D U C
11 CO1 UNIT1 / \15 —> 1T (0D 15
12 | CO2 UNIT2 \
Total Marks / 30 /Gp‘\ 80

K =Knowledge Level = Comprehension Level, A = Applicatign Level

Note: While setting 3l types of questions the general guideline is that about 60%

Of the questions must be such that even a below average students must be able to
attempt, About 20% of the questions must be such that only above average students must
be able to atteynpt and finally 20% of the questions must be such that only the bright
students mus{/be able to attempt.

| hereby ceriify that all the questions are set as per the above guidelines.

U»)Qu.( kum,«ab( Qe
ignature:

Reyiewer Commend:
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- Less energy loss

» Potentially less weight

- Can traverse more rugged terrain

+ Legs do less damage to terrain (environmentally
conscious)

+ Potentially more maneuverability

Any 4
points
required.
Each point
carries 0.5
marks

5Min

Part B (4Q x 10M = 40 Marks)
Max.
Q Solution Scheme of Time
Marking required
No for each
Question
programming method into four categories. Each
6 1. Manual method programming
2. Walkthrough method method carries 2.5
3. Lead through method marks 20Min

4. Off-line programming
Manual method:

»  This method is not really programming in the conventional
sense of the world. It is more like setting up a machine
rather than programming. It is the procedure used for the
simpler robots and involves setting mechanical stops,
cams, switches or relays in the robots control unit. For
these low technology robots used for short work cycles
(e.g., pick and place operations), the manual programming
method is adequate.

Walkthrough method:

» In this method the programmer manually moves the robots
arm and hand through the motion sequence of the work
cycle. Each movement is recorded into memory for
subsequent playback during production. The speed with
which the movements are performed can usually be
controlled independently so that the programmer does not
have to worry about the cycletime during the walk through.
The main concern is getting the position sequence correct.
The walk through method would be appropriate for spray
painting and arc welding.

l.ead through method:

The lead through method makes use of a teach pendant to power
drive the robot through its motion sequence. The teach pendant is
usually a small hand held device with switches and dials to control
the robots physical movements. Each motion is recorded into
memory for future playback during work cycle. The lead through
method is very popular among robot programming methods
because of its ease and convenience.

Off- line programming:

This method involves the preparation of the robot program off-line,
in @ manner similar to NC part programming. Off-line robot
programming is typically accomplished on a computer terminal.
After the program has been prepared, it is entered in to the robot
memory for use during the work cycle.

The advantaged of off-line robot programming is that the
production time of the robot is not lost to delay in teaching the
robot a new task. Programming off-line can be done while the
robot is still in production on the preceding job. This means higher

Any 4
programming
required




utilization of the robot and the equipment with which it operates.
Another benefit associated with off-line programming is the
prospect of integrating the robot into the factory CAD/CAM data
base and information system.

14.2.3 Features of the Welding Robot

Ax indudrial robot that performs e welding must possess certain feanures and
capabiifties. Some of the echawcal comuderations i woweldmy applications are
dixeussed dnthe fellowing:

1. Waork volumee and degrees of freedam The robot™s work volume omst be brge
enough for the sres of the parts 1o be welded. A sufficient allowance must be made
for manipulatinn of the welding wrch Also, I two part holders are included in the
workstatton, the robot must bave sdequate reach o perfors the motion oycele at both
hoklers, Five or six degrees of freedom ame generally vegpuired & arc-walding robots,
The numbey s influenced by the charactensiies of the welding sob and the motion
capabilittes of the parts manipulaior, 1he pars musipulator fas pen degrees of
froodom, this s 1o weduce the rogqudremont on the sumboer of degrees of froedivg
possessed by the pabaot,

2. Mation control system  Uominuousspath vontrol s required for arc wolding, The
robot must be capable of o smooth continuous moetion in order to maintain uniformine
of the wolding sean In addition, the welding vycle reguires a dwell sy the begiming
of the movement in order 1o establish the welding pusddie, and & dwell ot the el of
the movernen o erminaie the weld

3 Precision of motion  The accuracy and repeatability of the robod detarmines 1o
a lurge extent the guality of the welding job. The preciston requirernents of welding
johs vary pesording 0 size and ndusry proetice, wmd these requiretnents should be
difioed by cach mdividud user befre selecting the most appropriaie robot,

4. {mterface with sther systems The robot must be provided with sofficient inpuy
outpu and comtred cagabilities (o work with the other equipment in the cell These
ather picees of equipment are the welding umit and the parts positioners. The cell
countroller nrust coondinue the spoed and parh of the robor with the opuration of the
parts manipulator amd the weldimg parameters such as wire foed rate and power lovel,

8, Pregramming  Programming the robot for continuous are welding must be
considered carefully, To facilitate the mput of the peogram for welding paths with
wregular shapes, it s convenient o use the wallohrough method mowhich the robod
wiist i phvsically moved through tx moson path, For straght welding paths, the
robot should possess the capabilisy Sor linear imrorpelation hetween two points in
space. This permits the progrommer to define the beginning and end points of the
path wnd the robot s wpable of computing the straipht line wajectory between the

Any 5 technical
consideration
required.

Each point carries
2 mark

25Min

poings.
Load Sketch carries -5 25Min
Motor 1~0Of 2~Forward 3-Return Mark
s Explanation-Smark
3
. Fressure
Fitter regulator A/
.
,,,,,
| e
H R Dirsction
VVVVVVVVVVVVV control <
¢ valve

Actuator

1. The hydraulic actuator is a device used to convert the fluid
power into mechanical power to do useful work. The actuator
may be of the linear type (e.g., hydraulic cylinder) or rotary
type(e.g., hydraulic motor) to provide linear or rotary motion,
respectively.




2. The hydraulic pump is used to force the fluid from the
reservoir to rest of the hydraulic circuit by converting
mechanical energy into hydraulic energy.

3. Valves are used to control the direction, pressure and flow
rate of a fluid flowing through the circuit

4. External power supply (motor) is required to drive the
pump.

5. Reservoir is used to hold the hydraulic liquid, usually
hydraulic oil.

6. Piping system carries the hydraulic oil from one place to
another.

7. Filters are used to remove any foreign particles so as keep
the fluid system clean and efficient, as well as avoid damage
to the actuator and valves.

8. Pressure regulator regulates (i.e., maintains) the required
level of pressure in the hydraulic fluid.

Hardware Required

« Arduino Uno

« Ultrasonic Range Finder Sensor — HC — SR04

»  Motor Driver IC — L293D

«  Servo Motor (Tower Pro SG90)

+ Geared Motors x 2

+ Robot Chassis

«  Power Supply

- Battery Connector

- Battery Holder

+ Arduino Uno

Arduino Uno is an ATmega 328p Microcontroller based
prototyping board. It is an open source electronic prototyping
platform that can be used with various sensors and actuators.
Arduino Uno has 14 digital 1/0 pins out of which 6 pins are used in
this project

HC - SR04

» Itis an Ultrasonic Range Finder Sensor. It is a non-contact
based distance measurement system and can measure
distance of 2cm to 4m.

L293D

- ltis a motor driver which can provide bi-directional drive

current for two motors.
Servo Motor

« The Tower Pro SG90 is a simple Servo Motor which can
rotate 90 degrees in each direction (approximately 180
degrees in total).

Working

« Before going to working of the programme, it is important
to understand how the ultrasonic sensor works. The basic
principle behind the working of ultrasonic sensor is as
follows:

« Using an external trigger signal, the Trig pin on ultrasonic
sensor is made logic high for at least 10us. A sonic burst
from the transmitter module is sent. This consists of 8
pulses of 40KHz.

«  The signals return back after hitting a surface and the
receiver detects this signal. The Echo pin is high from the
time of sending the signal and receiving it. This time can
be converted to distance using appropriate calculations.

Mentioning all
Hardware
components-
5Mark
Explanation of any
5 components — 5
marks

25Min




« The aim of this project is to implement an obstacle

avoiding robot using ultrasonic sensor and Arduino. All the

connections are made as per the circuit diagram. The
working of the project is explained below.

PartC (2Q x 15M = 30Marks)
Max. Time
Q No Solution Scheme of Marking | required for
each
Question
1 ¥ Canesian Coordinate
0 Body-and-Arm Assemnbly .
i Sketch-10mark 30Min
+ Notation LOO: : A Explanation-5 mark
-~

= Consists of three sliding joints, I
two of which are orthogonal

= Other names include rectilinear
robot and x-y-z robnt

Applications ﬁ
+  Most assembly operations
* Handling at machine tools
+ Application of sealant
+ Pick and place
» Arcwelding
11 | OPICAL ENCODERS
eLxgm detac’w:rf N S ketCh-8 ma rk 3 O M | n

7 &

Botoraree

Dawe

st rack
o Kbidgte track
e teack

Hhaty

Figure 233 Constrmetion sod warking of spaicsd encodes

+ Optical encoders provide digital output as a
result of linear / angular displacement. These are
widely used in the Servo motors to measure the
rotation of shafts.

« Figure shows the construction of an optical
encoder. It comprises of a disc with three
concentric tracks of equally spaced holes. Three
light sensors are employed to detect the light
passing thru the holes.

+ These sensors produce electric pulses which
give the angular displacement of the mechanical
element e.g. shaft on which the Optical encoder
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is mounted. The inner track has just one hole
which is used locate the ‘home’ position of the
disc.

+ The resolution can be determined by the number
of holes on disc. With 100 holes in one
revolution, the resolution would be,

3609100 = 3.6°.
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